Supplementary Appendix (Not for publication): Proofs
of Propositions 4—7

Proof of Proposition 4. From the proof of Lemma 3, the derivatives of the LHS—RHS
of (18) [(HL) when ¢*=¢,=1] with respect to a*, ¢,,, and £« are:
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Hence, the total derivatives of (HL) and (P) when ,f—;;él are summarized as follows.
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By solving for da* and dc,,, the above equation can be expressed as
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which is derived from (A6) and (18), is used.
In the last equation, the second term inside the big curly bracket increases with ¢, from
(54) in the proof of Lemma 3. The first term too increases with c,,, because the derivative
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Thus, using ¢, > = L = (El )) , the expression inside the big curly bracket of (A17) satisfies
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In the above equation, the first and third terms are clearly positive. To prove that the
second term too is positive, the following inequality is used.
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The expression inside the large bracket of the above equation is negative, because the ex-
pression equals 0 at ,f—a = 1 and its derivative with respect to ,f—a equals
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Using this result, the expression inside the large square bracket of the second term of
(A25) satisfies,
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which is positive when [ ,k,, — l,,k, > 0, as shown in the proof of dc";‘ < 0.
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[Effects on Y] Can be proved in the same manner as the constant ,f—‘l case (Proposition
2 (ii)). m

Proof of Proposition 5. From the proof of Lemma 2, the derivatives of the LHS—RHS
of (16) [(HL) when ¢* < ¢, = 1] with respect to a*, ¢, and £= are:

m




aAl(a*) _ Ah(a ) Ilm Ak("' )
. Np o A@) kp—ke _  Ar@?) b —ka)7 G )[km g (a*)“’”ﬂ
a® when fe £ 1: o prenr {( : +Ah(a*>> Al Par ln{1+ 7”’5”252%“)65" J -
(A34)
( l?n)hk Cm._l—‘k— h(ﬁ"*))
Crm, when #L e ]m - lnll—}— lm‘ih((‘[:))(hkh kl k)z ] >0, (A35)
Ar@®)
km|l—c lm ka Ap@”)
ke ko £7. b Ny A1) by a*cm ( " Anle” >) 1 (=t bon [em — 32 0 Sl |
re When pe £ 1 e _[V?-FA;LZI*)}EZMM)'{" Mot Tt 1 b S (b=l Ic)l ’
A36
aAz(a A i
ka Cm, Ny, Ay *) @*) ¢ )(A @ Cm)
a* when = =1: E{(ﬁ+A’igl*)) 8a* (= >0, (A37)
(L) [ — Lin 22D
ka —_ . @*)
Cm when m—l . m ln|: I ﬁ[h((a*)(hh l:I) ] 2 07 (A38)
la
Al@)\( 1 ApEY)
Ilm {1—c e -1
oy Y ] e (e R G )
k'm When km —1 o [V}l,“i-A;L(a*)] ‘;7 C"L (h‘ I'm)2 : (A39)
When ¢, = 1< ¢,(1) >1, (P) can be expressed as
/ /W) deda / /W) deda /1 /1 deda
k Cm k A, cm 1yJo Anl(a)
ded led
o / cda / / deda (A40)
(¢ (@) en(acAr(0)
The derivatives of the LHS of the above equation with respect to a* and ¢,, are:
* wh ka 1: 61144};#5?:)) Iy T 0171( Ch(a)d(’da Ldeda | _ iz(f;z:)) Ny, 1 km \ 0
a” when pez£1: —55 HEJ; Jg )+£ (1)£Ah(a) e N o 5 =Y
(A41)
ke 1. 1 APl ded 'Oyl deda |\ 1 Anl@) N, ki)
Cn When = #1: —a{l—r[£ l (A + [ I (aFA( ]}_-Z(H— A’;(Z*) W};) kmr_kaln(Ak(a*)} <0,
(A42)
B} oAl .
a" when J==1: —L= ﬁ%>0 (A43)
) <0, (A44)

where, to derive (A41), (16) is used; to derive (A42), (16) and (A40) are used; and to derive
(A43) and (A44), (17) is used.
Noting that r|] f ydeda= rff Wdcda the derivative of the LHS with respect

ka
kmn

¢y When ,’:—221: (
1),
)

to equals

[f) l (oA deda +L l (T T ( iy deda (A45)

10



For given ,f—;, the derivative with respect to k,, equals

{ M [l(a;‘f‘id“ +£Ph I,}(a;fxida” {g [ T deda

Ch (II deda 1
41— ak3n+£ &)c[a s —alk2, | km’

m

(A46)
Hence, the total derivatives of (HL) and (P) when ,f—;# 1 are summarized as follows

) Ar@™) .

Ny | Aj@) s Ap @) 1y AR@® lm ka An@Y)

o [N’}+A,ﬂ@*> e it i ke —en ] TR W K el
* — hkm —lmka)em - Aple ¥

- L o) —— Tk T kel B—lm)cm b B0 oL ko) (da )
de
Ah(a*) m,
O N, e 1 (CE) L (14 AN e gy km\
da* Ny km \Ak } Cm Al(a'*) Ni) km—ka

A@*

) /o C N km (I—Cm A.(/n*)\\ ) [ (o—lm) b [l ka An@D) ﬂ\
Icm [\/h + Al\(a )))k/m a ((3777,) - Th\W ) ) _ 1 ln\‘l - (L) h km Al(a
m—ka Ah a*)) lm Ak a* hk'rn_lmka h—lm 1 h'® hk ka

( )dkm| fa et SR | e

km
ch I
[£ Laratededa + [ O] st dCd“]

(A47)
By solving for da* and dc,,, the above equation can be expressed as

lm ka Ap@")
. \ [ (L) [cm —Tk—A(a*)]]
o ( (“‘ A0 N?) R D (Akm*)/ Tger Wl — S ok )
da _ l ) Az “ !
de,,) A pane)

")
Ar@®) CE vwreay @) o NAR@) 1 Ape®)
Al(a*) Nh r ln km \\ kmcwz [Nl +Ah(‘1*) i BZ* 1]_’1 1+ (k?m k‘a) Ak(a*)[km Al(“*) Cm]
0a* Nj km—kq A;\,(a*)} Im L Ap@*) km —kq %
k a

BN

Kk Np Al (a*)\\ k a*e k'm (1 o ’l'l/(i*)>/ 1 r (h_I"‘)hk"‘v [Cvﬂu - lﬂ fC_a AAh»(a-*\) -|-
0 ol | v A0@) I Ar@)  hkm—lmka  h—im ln[l +
XN 1 )b ko geat

h km A |
lmka Ap@¥)
k"n

D>

S|

m W (h»km _lmka)

\
l d,f:L ,
= deda + eyl “"”" dcda
T ribaededa + [

L ———— 1

n(ay[A(a)]®
(A48)
r o ALE@") . . \
N A F Arp (@ AL
k_n{ o Qe A N GO v o i || [T
I Apa*) km —ka (hkm =lmka)em Ai@*) Ny
4 k A L Ape®) _IJ
_ r m
where A= — In (Ak(a*))

8Ah(a*)

<0.
Al(a*) h—lm hkm m—lﬁ ka Ah(a:)
e o e ]
L b Gty (okom —m k) ! J
(A49)
[Effects on a*] Henceforth, results are presented for the case Ij—“ # 1, but they can be
proved similarly for the case ]fa =1 too.
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da* _ & da* B 1 L 1 mh (h—lum) bk [c—ﬁ—” = %%]
dkm k,2 dk—:’n A km (h/ - lm>Cm lm, 1:};(5?*)) (hkm,_lmka,)

ko An(@?) Ny ko
e cm(1+A§L(Z*) '})k ln(Ak ))

Ai@) o
ke 1 % (N_h+ A1) ki a*cm _km (1 o A’l( )) 1 ]n|-1+(h bn)hkim [‘m %:_ };(i*) ]
~lm ]

= e e \f\fl T Ay ((l‘)/l im /‘ik(af\) Nkm—imka h—im : Im :;7(5*) (}LIC k )

2 I L |
(h_lm)hk7n [(;Tn lm ka_ Ah(g, )

e e I e R e

i G (n —Uim k)

Em

+ (h,~?:L)cm ln[l +

km ( *) T km \
" —Fa o <1+ 4@ Nl) T 1 (Ak(a*)/

Az(a*)) *
) ko 1 (/V_h+ *\km aem T\ ,A;,L(a) 1 ln[l—l—(h m)himlf\m B Term Az(a*)]-]
> | | WA e T e |

m
b _ _lm ko Ap@Y)
+ In ( lvn)hk'm |i(’m h Fm Al("‘*)] 1+Ah(a*) & r ln km, \
(= 'm)r’m L ZES ok — i ) Ai@) Ny km—ka ™" \Ar@7)
11 1_|_Ah(a*)& " Fim
Cm A Al (CL*) Nl km — ka Ak ((1*)
. Al *)>
_ kg Ap@) km<1 .
% 1 1+(h brn) ik [Cm h km Al(“*)] _ ko &+ Al(a*)\km a*cm ‘ Ana”) (A50)
Fn—Fa I e (ks — b ) Fon | \N1 T AR @) e A1 @) ok =l ka ’

where (A42) is used to derive the inequality.
Using (16), the expression inside the large parenthesis of the above equation equals

o ApG* A
(1_ b ka) . . lnl1+(h—lm)hk [em—1m fa ﬁ‘{;(fz))]}_ _ (N_h A0 by a*ea km(l cmAh(a*))
@) " Ar@)

km—kq h—lm I gh(fj*)) (hk lmka) km—kq km | \IV; Ap (a*)} lm Ay (a*) - hkm—lmka

<, A (CL*)
ok (h_lm)h'k'm, Cm — l—":L ko Lhe aF 7 . . * — . * .
_d-a" 1 ]n[l [ h o AL )] 4 No b __cm k(a )[1 (Akm \ _ a*Em ka):|+ km 4@ cm kq

Ar@h—1 I i’T(a)) (ko —Lm k) Ni I Gm—ka)? Agla k@) km T Ap@*) Cm—Fka)? Ap@®)
1 a
* * Al( ))
_ Ap@”) lﬂAk(a )_ -1 km (1 Cm
X {—In 1+(km ka)Ak@*)[km 4,09 cm] + km 4@ e A @) An@)) A km acm
(hkmglr(nf)a)cm lm Ah(a*) km—ka km hkm—lmka Ah(a*) lm Ak(a*)
k \a
lm ka Ap@7)
— 1—a* 1 111 1+ (h ! )hkm [Cm h_km Al(a*)] Nh k'/n Cm 11«1{ k'/n \ + Ak(a ) 1
Ar@*) h—lm mﬁhé‘;:)) (hlerm —Um ko) Ny lm (km—ka)? Ak ) \Ar @)

Ap @) lm Ap@®) VARG [l Ag@®)
_|_k_m A *) Cm 11’1 1+ (k —ka) A/c(a*)[km Ara®) Cm} + (em ka) Ap@®) [’Cm A @™ Cm] (A51)
) T A b T Falem Tk T Ealem ’

1 @* @™

where (16) is used to derive the first equality, and the following equation is used to derive
the last equality.

Al( *) Al( ) [ hkm_lmka (1,* }
VT 1- Cm * 1— Con, 1 s
i ( ¢ Ao )) BT Y S | S NG|
hkm—lmka  AR@")lm Ar@) ™ — Tk —lom ka

km A1(@¥) {h_n Ap@n ]
— k lm Ap@*) Lkm Aj@® ™™
- 'm hkpm—lmkaq

> 0. (A52)
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Now it is shown that the last two terms of (A51) are positive. As for the first term, the
expression inside the bracket is positive since it equals 0 at (a ) =1 and its derivative with

respect to Ak?;*) equals

-2
km km rhe km —ka
(Ak(a*)) (Ak(a*)—l) >(<)0 when z2s > (<)le = <(>)1. (A53)

The second term is positive because the expression inside the big curly bracket equals
, Ap @)ty Ap@?) Ap@)[ 1y Ap@?)
(k/m_ka) ha* Torr @5 —Cm . . . . (k:m_ka) | Torrr @ —Cm
0a (i’;fn_)l[m’,jaﬁin(y oy =0 and its derivative with respect to (/:L’{fn_)l[nfaf’i ]
Ap @) Ap @)

equals

(hkm —lmka)cm (hkm —lmka)cm

AR@)[ 1y Ap@® -1 VAR 1y ApE®
[1+(k’"‘k“)’*:‘““[’l“_” i _Cm]] b RO REIEE S ] 5 ()0 when £ <(5)1.
AL, @) Ap @™ "

Therefore, & dk > 0. )

The result that a* increases when 7= non-increases can be proved as follows. When

k
both ky, and kq increase, da* = S dky,+ %= dk, = (52— ]Aa ﬁxed—l—akm dka —Ydky +(:%z|f—,‘§ fixed T

gka . . o
S —;‘,ia )dk,, where the term with dk,, is positive from 4 o= >0 If d“ > 0, the term with
Ca m VI

dk, too is positive and thus da* > 0 since d%| Lo fived > 0 from Proposﬂ;ion 1. If d: < 0,

since the expression equals < - | ko ﬁxeddkm+ [ fa ﬁxeddk —|—d m dk , da® > 0 from dk <0.
[Effects on ¢,,]

dcm B dcml kq dC_m
ki, dhyy R 2 g ke

km,

aAh(a )
ko ZA1@D) Ny v gy (Km
k2, 9a N km—Fa 2\A. @7
Al(a‘ )) *
km{1—cm _ _lm ke Ap@’)
X km Al(a’ \_m a*c . ( A’ (a‘) 1 11] 1 (h lm)hkm |:Cm b km Al(“’*)]
1 - @) I Arl@”) Wk —lmka  h—lm o ‘f{’ (ff)) L)
A . A" )
Np | A1@D) i) Ap@)[ by Ar@®)
4L kmem | N taE da( 1n1+( ka)Ak(a*)[Icm A5 CM]
km Im Ak(a*) km—ka (hkm/‘l'lizzf)a)cm
a*
. {1—r£ L rttapdeda + [ I (AL (DT d(da}}
1
r km
< AFnmn <Ak.(a*)
* k2 A( ) A @®
Ap@’) kg L m Ar@ )_ . lm kq Ap@’)
A No e )Nukm a’cm  Im @) L Ay —om] gy e [em—tp2 o S|
(90,* Nl k7n,"ka Nl l'rn Ak({l*) hsz"l'mk:a h_l'rn lm Ah(a*)(h,k lmka)
X Ap@®) '
Np , Aj@®) Ap@™) 9 O NARE@) 1y AR
+ (1+ Ap@) Np\ em Nl+Ah(“*)+8Al@*) Ai@”) 1 1111+(km k“)Ak(a*)[km A" C”’]
Ai@*) Ny J I Ara) da* Ap@*)) km—ka (hkm—lmka)em
AR @)

(A54)

where (A42) and (A52) are used to derive the last equation.
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The expression inside the big parenthesis of (A54) equals a positive term plus
* 2 A (a*) * *
Ap@®) ha kin 4@ 11, A N i ko Ap@?)
@ Ny % j&k_m a e Im Ak(a*)[km s —en] 1 ln1+(h bk [em — - S |
da* N, km—ka‘LNl L Ap(@®) hkm—lmka h=lm I /:‘h((a:; (ki —Lm )
la
Ap@) 2 Ap@)[ Iy Ap@)
+ Ana?) R izl ) 1 1n1+( m—ka) 2he | Fow A1 "]
A1@") Nilm  0a* \A@")) km—Fka (ki —Um Fa)em
Ap@®)
kg A@) [ 1, AgE®) n
A6 [ka. [-ﬂ km a*com  Im Apl®) [km A cm] _ Npkm (’m h“{ )
h'@ * —
R N, 1 R [Nl Im A@") Tk —lmka Nl km—ka Ak }J
—  9a* N; km—ka Ap @[ Iy Agle®)
Cm km A@@*) In 1+( —ka) Ak(a*)[m A1@¥) _Cm]
km—ka lm Ap@®) (hkm—lmka)em
Ap@®)
(ko N [ ke 1-1n { ko \ b}
oAl ) b Ni A7) \f(l <)a)}J
J— Ap@¥) Vh Cm Km m Ak(“) Ap@®) Iy A @)
Oa Ny o —ka)® Im | | Aa) |k, (b =) Ty [ 12 ey —om] tln 1+(km—ka) 2 S —en ]| (7
Apl@®) | Ar@®) (hkm—lmka)em (hkm —lmka)em
Ay @) A @
(A55)

where (16) is used to derive the last equality. The two terms inside the big curly bracket of
the above equation are positive. In particular, the latter term is positive since it equals 0 at

o Arla* . o .
Cm = ,lc—z A’;((;I )) and its derivative with respect to ¢, equals
* * -1 * *
Ap@”) I Ap@”) Ap@)[ Ly Ap@®) AR [ 1y Ape®
ko) T Ty Ay Asia?) |q Bk T e e - (e —ha) e [ Gy —em ||,
- (hk»m-lm,k:a)cm Ah(a*) + (hkm ~lmka)em - + (hkm —lmka)em Ak(a*) ’
Ap@*) Ap@®) Ap@®
(A56)
. . . A
which is negative (except zero at ¢,, = %“,’Cﬂ A’;(( )) ), because the expression inside the curly
. AA 1" m~ va,
bracket of the above equation equals 0 at ¢, = %éﬂ%, equals % at ¢, =
I Ax@) 7 na Qe A CTEASE 7 . e k_a dem
P T and increases (decreases) with ¢, when = <(>)1. Therefore, gr= < 0.
n Al(a*) * *
N | Ala?) ), @) ) ARE@) | b Akl
de B 11 kmcm IVNI -+ @) —8,a* n 1+(]€m ka) Ap@) | m Ai@) Cm
dk, Aky Ap (@) km — ka (ki —lmka)cm
A @)
Ap@®) )
O3y Nu _r 1, k ) b
da* N; km—kq Ap *)/ km
Aia )) *
km {1—cm _ _lm kg Ap@’)
1 1 « Nh + Al(a \_m ( A; (a ) N 1 ]n 1+ (h lm)hkm [(’m h Em Al(‘l*)]
e /l hk;'m‘—l'mka h‘—lnz Ah(a ) 3
+ i ey (o —Lm k)
Ak,
* o A (a ) * *
Np  A@) A,(a*) (k __)Ah(a )[lﬂAk(a) :|
+kmcm Ny TAL@H)  ThaF In 1+ m = Ra) F G | T, Aj@D) O E I akm dcda Ly £Ch Iyl ak,deda
Im Ak(a*) km—ka Wizi‘am (l,)’, Ak *h (L),[Ak( )]Z
\ Vs
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where (16) and (A42) are used to derive the last equality.
Ap @[ iy Ape®)

Ak(“*)[m A@®)

ko (km _ka)

In the above equation

—ka)

Ah(a*)
a, Ak(a*)

lm

[

I, Ap@®)
km, Al(a*)

( Ap@®)
93« Ny v ln( /c,(n)) 1
da*  Nj km—kq A @) km—ka
ka, Al [z,_nAk.(a*)Ac ] (o) [ _lﬂk_Ah(a*)]
1 % N;Lﬁ a*Cm Im Ak(a*) km Ap@*) m 1 ln1+ m, h km Aj@®)
A b Akl o ~ke it b S kL ko)
Ar@™) . *
Np  Ae”) O &+ e VAR@) [ 1y Agle’)
4 hmen I_N1+Ah<a*> ) 1n1+(km he) e o S ‘m] +(f f akgdeda dcda +£C,L Il akqdeda
kalm [ Ak( ) km—ka % (l)” Ak (],)" Ak( )]
ka
\
(A57)
( Ap@®) )
aAz(a*) Np__ ¢ (k ) 1
da* Nl m_ A km_
lc2 A1@*) [ 1,0 Ap® L ka Ap@®)
—m 2Ly Ak — _ _lm kaq 2n¢
% Np ko a*cm _ Im Ap@®) [km A @ Cm] 1 In 1+(h Im)hkm [(’m h Al(‘l*)]
- 1 < Ny Im Ar@¥) hkm—lmka h—lm I ih((a*; (o — >
‘X - PR N 4 7ok ‘ / \ -
—_ Np o A1e ) Ap ) N\2 Ap@ )| Im
kmem | N T A6 | @ (A ln1+( —k )Ak@*)[km Al(a*)
kalm A @) da*  \Ap(a¥) km ka (h"m;lznf)a)tm
k(l
a’l deda ¢y ({il dcda
>< —
BTt 4 [ e ]
_ kmem r l km \
— n
b A Fm—Fa (Ak(a*)}
; Apla m Ak(a Apl m Ak(a )_ A
Ay Ay 1 [y Gk RSl R oo ] infr 8 Gk ek )
9% @ N, 1 An@) km—ka \ Ap@) (ikm—lmka)em (ki —lmka)em
1 Nh A E3 ¥
Ha* N: ko —k. A3 ) q Ap@®)
X 4 - +Nh 1 ln \—a*(km_k“) J
) ]Vl k‘m,—k‘ Ak( )} Ak(a)
Np, | Ale®) Ap@®) 9 i \ARE) 1y Ag@™)
_i_L Nl+Ah(a*) +8Al@*) ) 1 lnl—i—(km ka)Ak(a*)[’»m Ar@®) cm] 1+ Ap@*) Np,
a AL@) Ha* AL@Y) km—ka (hkm—lmka)cm A" N
\ Ap@®) Vs

(A58)

(hkm —lmka)em
Ap@®)

, _cm] Inl1 e
? A — Infl+

creases with ¢, because

Ap@®) 1y Ap@®)

_(km‘ka)Ak(a*) km Aj@® A

Ah(a*)
Ap@®)

[

Em A

lm Ak("'*)

1
km—kq

Ap @™
)

[

(hkm —lmka)em

Ap@®)

_Cm]} .

Iy Ak p)

Fm Aj@®

(hkom —lm ka)c2,

Ap @)
@)

kvn_ka
L

(hkm —lmka)em
Ap@®)

_CM]J—

Ak ((L*)

{

(hkm —lmka)cm

Ap@®)

cm] K+ a*} <0.
(A59)

Thus, the expression inside the big curly bracket of (A58) is greater than

GRS

A 1

)

a* (km

—ka)

Nh
N,

1

Ae®)
Ap@®)

Apf@®)

AN
3 \N,) Gom—Fa)?

[ln (Ak e

) -

Ap(@®)

|+

ka A

k(@®)

(1+

Al(a*)

N
N

Np
N

N
N

;

Ah(a*)
0 A[(a*) Nh

1

da*

Ap@™)
A1@®) Np

Ni (km—ka)?

1

I

N,
+ (3

k@
Ay

4 Lre) Ak(a )

—1+1-

(

0 _

a*(k

m,_ka,)

1

km
i)
)
)

T3

h

)

(@
@ >(Nh +7

ka

())
A

da*

Ny (km

"k

o

n( k( +

V)
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A @)

1 [0k —ka)]?
Ak(a*)km

A @)

|+ (e + 4

J

(@)

(a*))( +2

<*>)
@)

kaAk( )

i)

P




BM « " 2
Ny JOAE@ Ny 1 km Ag @) [a* (Em—ka)] 1 Ap@) 1
> W’Z{ B N, o Fo)? [ln (Ak(aﬂ) + o T R }Jf —a" N, ( e >)kaAk(a,*)}’
where, to derive the inequality, — Nh at + 3 Aa) (I — a* > 0, which is shown in the proof of

An@®)
dey(a)
dkm

< 0 of Proposition 4, is used.
"The expression inside the large curly bracket of the above equation equals positive terms

}z)vhls 1 [ (h—la)lm a*?
Ni Apl@)Aife”) Ai@*) km  1-a* k Ni Ap@)Ai@*)*(1-a* Jkakm

> %Ak(a*)Az(a*)Ql( — i [Ah(a*)Al(a*)k‘m—a*Q(h—la)lmka}, (A60)

which is positive when [k, — l,,k, > 0, as shown in the proof of d"’" < 0 of Proposition 4.
When [,k,, — l,,k, < 0, because ‘jlh(( )) < zﬁklz holds from ¢, = IIllIl{k}Z %“::L((‘;)) cm,l} =1 and

cm < 1, l
A @) A @V e — a2 (h—1) L kg >

m kg [(An@?))*—a*(h—1)h]

e 4h( )Al(a*) > 0. (A61)

Therefore, ‘ffT’Z < 0.
[Effects on ¢j(a)]:

Since a<c; (1) = e )
mce a X ¢y, ( ) - (km_ka)mAh(a:)+(h—lm)6m
km Aj(a )A (a*)
A,
dch(a) _k"L Al(a*) Ah(a) dcm aAl(a*) Al(a*) da* a,ka Cm
(@

(from equation 32),

Qe Ty Ap@) Ap(a) \ o Da* Ap@) "l Ap(a) Fom
<dcm_8f‘4’;$:)) A)  dat e (Dka c_m>

T 00 Ap@) " Ao T Ap(e, (1) Fom

A (a*) ” "
_ b Ail@®) Ap(a) |dewm A’;(a*) Ai@) . da* N K | Ap(a*) . (A62)
m An@) Ag(a) |dk,  Oa* Ap@?) "dky  hkpn—lnko\A(a*) )|
here ke e _ kg BT on (q 33) is used to derive the | I
where e ) - mm (from equation 33) is used to derive the last equality.

In tge above equation, from (A54) and (A51),
dey, OFas h Al( Y da*
dkp aa* Apla¥) Ao

Ah(a )
k23 N, 1 (hn)
k?n da* N; km—ka Ak(a*)}

Al(a*)) *
km {l=cm 773 — _lm ka Ap@)
< —km Nh_|_Al(a \_m *em ( An@r)) 1n1_|_<h’ lm)hkm[;m B Torm Az(a*)]

1 km—ka | \IV; Ah(a l ( hkm—lmka h—1 . Ah(a:)(hkm—lmka)

Ar@®)

A )AL

A Nh+Al(a o5 oo — o) A1 )[ Im Ag@) ]

_i_L kmem Ap@*) _ Da* ln m @ Ap @) [ km Al(a*) -m
km lm Ak( *) km—ka (km —lmka)em
Ap @)

il Tt 7 Lt ]}
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krn_kaa Fl km—ka Ak(a*))
Al a*))
k (l—c lm ka Ah(‘z)
Ap@®) %) m ™A (@ (h—=lm) ke | em— = o Sy
0%iey M), ke 1| x|(BE+4 “*\—m - M) L nl14 [ & A
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where, to derive the last equality, (16) is used, and to derive the last inequality, (A42) is
used.
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(A65)

where, to derive the first equality, (16) and (A52) are used, and to derive the last equality,
(16) is used.

In the expression inside the big parenthesis of the above equation, since ¢, € [' ko An@) L ArG)
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Therefore, (A65) is negative and thus

Since a>a*,

dch
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(A69)
where, to derive the last equality, (16) is used, and to derive the last inequality, (A42) is

used. From (16), the expression inside the big square bracket of the above equation equals
positive terms plus
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where the last inequality is from (A42).
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where (16) is used to derive the first equality.
. AL (a* . L. . . . .
Since ¢, < ,lcﬂ A]:((;,L )) , the expression inside the big parenthesis of the above equation is
strictly greater than
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where the last inequality is shown in the proof of ‘flcT’: < 0. Therefore, ddcjc—? < 0 from (AT1)
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which is positive from (A55).
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[Effect of k,, on Y] The LHS of (HL) when ¢* < ¢, = 1 equals

from (16) of Lemma 2, whose derivative with respect to ky, is
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where, from (A54) and (A50), the terms associated with (‘f;—"‘ and gkin inside the square

bracket satisfy
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where, to derive the inequality, (A42) and (A52) are used, and, to derive the second last

equality, (16) is used.
Using the definition of A, the remaining terms inside the square bracket of (A81) equals
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where (16) is used to derive the first equality.
From the above equation and (A82),
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Hence, (A81) is negative and thus Y increases with k

[Effect of k, on Y]
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where (16) is used to derive the last equality.
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Using the definition of A, the remaining terms inside the square bracket of (A86) equals
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Hence, (A86) is negative and thus Y increases with k,. =

Proof of Proposition 6. From the proof of Lemma 1, when ¢*, ¢, < 1, derivatives of the
LHS—RHS of (HL) with respect to a* and ,’f—; are

a®* when :—;#1 : ];—mkp—% (&+j;(5))> kzkzal’;a - agé}?) In (A’]Z(:L*)> >0, (A91)
a* when :—; =1: (lj—: (JZ\\T; + il,((Z:‘))) — agf‘z((}?) (1—a"| >0, (A93)
:—:1 when k_:,:,:1 : (ljm j}i(( ))(1 a’)>0. (A94)
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When ca<1 & (1) <1, (P) can be expressed as
l

/" ala dcda ﬁAh(a* //ch dcda 1 deda // dcda B
km Cm km 14l(a>|< Cm a* Ah l(a)CAk: CAk B

The derivatives of the LHS of the above equation with respect to ¢,, and a* are A95)
Cm When ]l:_: #1: {k =k foq a)dfda + Al CJ 5 a)dsda}

— _Cm(kfn_ka {ln( ky(n ))+ln( k@ ))} — _mln<%ﬂ> <0, (A96)
a* when :_7‘;# : 82‘27%*’) j;((‘;)) kmi . In (AZ(:L*)> >0, (A97)
¢ when :—;:1 : —%ﬁ <0, (A98)
a* when :—;:1 : 22(()) j;z)) krn (1—a®) >0, (A99)

where (21), (24), (22) and (25) in the proof of Lemma 1 are used to derive the equations.

Noting that rff—— o dcda—rff—ywrl—]dcda the derivative of the LHS of (A95) with

respect to < equals

Ui i deda + [f! srtas deda) < 0 (A100)

For given k—“, the derivative with respect to k,, equals

L _ded ded ded ded 1
k’”{ [O‘];la)mcka +fj;ha)c‘40ka]} {Oj;la}‘[a f;1aak2 +fjeha): k“ilaa]kz]__k_'

m
(A101)
Hence, the total derivative of (HL) and (P) when ,ff—:;él are summarized as follows.
i (M) A bty 25065 1 (Ara)] \
m Cm h a 'm —Ka R k\a
lm, km,_ka [(Nl + Ah(a*)) Ak(a*) da* ln( ka )J 0 da*
0% A o) ) | \Fm
B0 A;(a)k — ln( I;ef ) Wln(k)
_k_chkA[_& S TICu R AW
. (g) Aol g gea | oty ) e (A102)
- m [0 jcl (i deda + jh(@A wmdeda m

By solving for da* and dc,,, the above equation can be expressed as:

(da*) 1 . Ry 11 (ka> 0

— aAh(a*)

Aj@®)
dC Aj@®) A ( *) ( ) k'm m N A (a*) km—kq 0’4 @*) A (a*)
m A= Fre A;ll( )km—ka ln( ka ) o T e [( h+AL(a*)) A par 1D ( e )}

km _cm km Ny, x| A #\ km
() aky ‘mmm[‘_h e mOE ] ke
1 m| ka ﬁxed+ d d  akm d d k_ )
[0‘/;10)3 ca+ff (T e deda m

(A103)

VI,
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X N [ A Y v = A
Km h - h'@ 4
Where A - k'm _ka ln(ka> Im km—kq {( + Ah( )) Ak( ) - Oa* l ( ka ):| < O

[Effects on «* and ¢,,] When ﬁ £1, 4o

— d
O’dk“ <0, g |ka fixed < 0, and
dem

pErs < 0 are straightforward from (A103). The same result holds when k:;’ =1 as well from

(A93) (A94), (A98), and (A99). Hence, % = ’;a (‘fgm[ ko fixed T dd‘]fa = kl dka < 0 (and

g _If—;dd‘,fa > 0) and d"’" e g,‘cm Lo fixed T kl ;",;; <0. As for the effect of ky, on ¢, when
m m Gy a T

71

ApEy )
_ k‘a A Al( *) T Ap, (0‘*) km Cm km _& * ( *) ¥ h
k2, " da*  Ap@") km—ka In ka ) lm km—ka A@®) a +A;( ") Sy

dcm —_ i +Lk'm Cm (_h_|_ ( )) km—kq - ajh(a*)) l (Ak(a))
dk,, A Em Im km—ka An@?)) Ar@) da* ko
\ < (1= oy rededa + [ s dedal )
( 6‘4(51*) A( ) ( ) m ka N * (*) * km
R T D Fors 1“( o >k,f_k i >[ A Zm(l‘“)ﬁ}
= e (M A1) bake  OTT q Ak
= Alm R {(V’;"'A;,(a*)) A Bar 0 ( ’;ca )J
a*rl  deda Lel deda
\ x\1- 7‘[ 0 JeaF s (e +fa*fch(a>cAi<7z)])
11 Ay In (Ak(a*))

\

~

A lm Ah (a*) km_ka ka
( 0% 4 [ N A" K |
m @* a * a K\ Km
« _kmc—ka Bla* A @) [ Na l( )(1—a ) k,aJ

(A104)

@
m N | A@") ) km—ka 3Al<a*> Ar@)\| (N | An@)
+’“T:"“a [(N}ur l(a )) Ar@? ey ( l;c: )] (Nl + }(a ))

where, to derive the last equation, the following equation, which is obtained from (A95),
(21), and (24), is used.

a*prl cda cda N, AL(I* T A A — m
1—'1"[]0 ‘[(’l alf‘kd jj(,h a}flkd } (N—}’l—i—A’l((a)))k = A’( ) ln( I;CE; ))< — ln( )) (A105)

The expression inside the large curly bracket of the last equation of (A104) equals a
positive term plus

9AnE) Ao g ALE") . e

_ Cm Al(a‘ ) ka _&(I/*_{_ ((l ) (1 a )k'm _ Cm Ah(a ) l ( ) &_}_ h(a’ )

km—ka Oa* Ag*) N, Ap @) ka km—ka Oa* ka Ny ' A
P!

Cew R [k [Ny e A) w] oy (A, (A (M Ane?)
= ik ow {'Ak(aﬂ[ MOt ae - “)k_}*”(A’(a) ln( ke )( vt hf))}
P s [ (B ) g A )] ) 1 (e (04 )
T km—koe Oa* Ap@¥) N @) Ap@®) (@) N Arl@*)J\Nn = Ai@®)
_ _cm ai?g:; {_ Ae) | [a*ka -+~ln(—km )} (M+ A’(a*))}
T km—ka Oa* AL T AR Ap(@¥) N Ap(eY)

PEVA]

= poa ZAED N [m (%)rl{—ln(/lk—'(")) + [T('C)Jrln(%)] In (’;—m)} (A106)
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where (14) is used to derive the third equation and the last equation. The expression inside
the curly bracket of the last equation is positive because it equals 0 at ¢* = 0 and the
derivative of the expression with respect to a* is

B e s R

The expression inside the square bracket of the above equation is positive because it increases

with ¢* and the value at a*=0, k,, [— In (,’:—;) —1—1—,’:—;] , is positive. Therefore, 3,% < 0 when

,f—; #1. jg—: < 0 when ,fj—; =1 can be proved similarly. (Henceforth, results are proved only
Ky

for the case ]f—i #1, but they can be proved similarly when ;=1 as well.)

[Effects on ¢,] %= < 0 (4= < 0) from dfi’,;f:) <0 (dZ’;C(CL“) < 0), which is proved below.

[Effects on ¢;(a)]: Since ¢(a) = ’,f:’ j;(‘;)) Cm, ¢i(a) decreases with k, from %2" < 0.
Since a<a*,

de(a) 1 Aa) dep, — ak, 1 Aia) dep, — a*k,
=7 'm Cm | < m “m | - Al
Do~ I An(@) "o T An(0) ™) S T Ap(a) VT Ap@) (A108)

The expression inside the parenthesis of the above equation satisfies, from (A104) and
the definition of A,

d *k 1k, Al Apla*
mﬂ’f‘ @ Fa Cm<7—m l(a*) ! 1H< k(@))
dk'm Ak (CL*) A lm Ah (a ) km—‘ka ka
c aé\};g:)) k Ny o+, Aile®) % k
T km—ka Oar A" [_Tla +Ah(a*)(1_a)k—a}
Al@®)
m (Mo A1) b=k 2F0@ 1 (Ax@)\ | (N Ane)
o [(V’Z*Ai&*)) e In( )} (Ne+29)

Lkn ke 1 o [(N, AG))ka—ke ORG | (A@)
ka km~ka Nl Ah(a,*) Ak((l*) da* ka

Ap @™

Oh— * * *

_ ka Ar@®) Al((l ) Ak(a‘ ) 1 . Nh * Al(a‘ ) _ ¥ km
T e @) M) @ | MY T A e L—a’)

P N —" . . 9Ane) 2 .
(l_ ) k?'m h A ( ) k'm_ka A @®) A ( ) A“( )
0 ln(k)|:(1\;1 +ALEZ*)) A T oo (Ai&*)} 1“( 2:)

+ Ag, (a*)
where the last inequality is from (A105).
In the above equation, the expression inside the big curly bracket equals a positive term
plus

Ah(a*)

O @ 1, (A’ A@”) 1 ko | Np o+ Ala) # km Ao (K | Arl@?)

Par 1“( Z:)Ai&*) Ak(ar*){_k,m [_V};“ A (1_“)T]+(1_“)1n k_) Aigz*)}
05D e\ Ae) 1 [ kel Na o, A onk N k k
= ST ) pe) ol el Mot 231 - o) e |+ 1—a)In(in) -1+ 41— fa

a% Ap@) A 1 ko | No o+ Aja* * * k ke | A1@)
= ln( ZEI,)ALZI)) T {k:[ﬁa —Aig*%(l—a)}+(1—a)[111(k—:)—1+k—;] Aéa*)}’

where, using (14),
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Ny o Ai@®) #
N g l-a)

=3[ [or () -0-om(es)) (111

The expression a 1n< t@ )) (1—a*) ln( k’(g*)) is positive since it equals 0 at a* = 0, 1, and

its first derivative with respect to a* equals In (’“—m) km A "’3’ and thus the second derivative
is negative. Hence kmj;—m—l— X}:@i) ¢m < 0 and thus dc’ ) <0

[Effects on ¢;(a)]: Since a<1,

dep(a) — km Aia") An(a) [ dem 82’;5:)) Ai@) . da*  ake cm
dkp L Aple?) Ag(a) \dk,,  Oa* Ap@?) "dkn,  Ag(a) kn
" ) 8Ah(a:) A (o " )
< @ A@) Ap(a) (dey, 9@ Ai@) .0 da +c_m _ (A112)
lm Ap@?) Ax(a) \dk,,  0a* Ap@?) "~ dky kn

In the above equation,

dep, 8Ah(a y Aila )c da*
dk, 8@* Ap@) " dk,,

Ap@™® )

ashe) . .
ke CA@S Ai@®) 7 Ar@)\ km _em  km | Nu x| A0 1 8 km
ki, 0a*  Ap@*) km—ka In Fa ) I T Ap) |~ M4 T A @) L—a’) b

1 Lk Ny L A bk AT 1 (Ar@) ,
= - m Cm h a m —Ra a
A< +k1n l7n k'm_ka l(j\é + (a*)) ( ) N 02 1 ( ka )1
\ < (L= i deda + [of) it dedal ) )
8%5:)) ) 1 ke T km\ km __cm km Np .+ A # km
+ da*  Axp@*) Zk_gnkm—ka ln<ka) lm’ km—ka Ar(@¥) [_Fla * An(a®) (1 ¢ )E]
(1, 255 A k N Ayfa) o]
o @* a” ' m * a m
W9 Ar@) bk 1”( v )) il )[__h“ e - “)ka]
[ ih Cm 1 [ A( ) ]C —k‘ dA (a*) A ( )
X b FonF +EK e )) Ae@) ~ oe 0 ( o )
\ <1 r[fo fq (AT Ak d(da + fh(a)c e d(’daD )
( 54n6" . 1
A,(a*) Ai(@) k ( K )l Nh a+ Az(a k_m
e b e 1) 0 A ) )iz (A113)
E lm km—ka km—ka km 1 km Nh a*) k —ka ;“hz*) 1
+ n ko + (L*) - da*
and
c 1, ajl( *)) (Ax @)
“m ko m Cm A( ) km—kq h 3 A
ke Akm p— h‘(ka) R — [( G )) e T g M \lka }]' (Al14)
Hence
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plus

*

dey, aAh Al(*)c da*+c,m
dkm aa* Ap@) " dky ki

Ah(a*) *
< 1 Cm T 0 A @®) Al (0‘*) kaq ln km Nh * Al (a )
& lm km—Fka km—ka | 9a*  Ap@*)Arla®)

dc
Therefore, %9 < g,
Since a>a*,

dep(a) km Ai@®) Ap(a) (dey, %(E?)) A@)  da* a
= — — Cm— 7 Cm
dka lm Ah(a*) Ak ((l) dka da* Ah ((l*) dka Ak (a)
. 9ArE@) . .
< km Ail@®) Ap(a) (dem 9w Al(a)cmdi_ a 0] (A116)
m An@*) Ag(a) \ dk, da*  Ap@?) " dk, Ag@)
In the above equation,
dem Al( )c da*
dk, 8&* Ap@) " dk,
(1 9% A (@) & b [ Na e A "l
For 00" An@) T ln( K )ﬁkm@ka Ak?:;*) [_ Nt e —a) ka]
1 Agla®) 7
- = krn Cm N ( ) km,_k/‘a 8 (a ) A ((1*)
A +i I Km—Fka Kh}l T A )) Ara*) Bar ( > )j
\ <1+r[f0 fq (T Ak(a) e deda + ) fh(a)” RO dcda]) )
g
Aier) A ( *) 1 km Cm km N, * (0‘*) % km
3;* 0 *)Aknk:m~ka hl(k:a) m o —Fa Ak(m[ N L@ (1_“)ka]
( aAh(“

@0 A km ko | _ Np % Ale”)
da* Ah( )kvn_‘ka ln Ak(a’*) Ak:(a‘*) ]\Tla +Ah .

ik e No | A0 kke | O (0| (Al
A Fe fm o +l(_h+Af<*>) e+ (1) (M)

kq "™
( < (Ll o i deda + [ i dedal ,
8'/);1(51*')) A (a*) 1 km ka Ny o+, Al 1 & ko
Ly o )T @ A @ [T N +areyd—a)E

. (A117)
A k‘l(l I'V‘VZ k:m _k‘l(l k'fn _kfl km N A (a*) km_ka A <a*) ( *) 2 (a*)
+n (k_) (V’Z + Ai(a*)) A T o ( @ *)) 1“( )

a

The expression inside the big curly bracket of the above equation equals a positive term

Ap@®)
A Aa?) Em kaq Ny % Aie”) k) 22 (Al k@)
~ 0 A @) ln(Ak(a*)> @) [_N’la + @) (1_“)1%}“1‘(1%) Par <A,i(a )) ln( o )
Ap@®)
A9 A@®) km ka Ny x @) N,
Da- Ai&)ln(Am )) {‘Ak«z*) [__h“ + ol -a)e ]“n( )N’Z}
Ay @™®)

ZhE ) 1
A @®) A (a‘*) km A (a’*) A ((l ( ) a*ka km (1_0‘*)}(77”
Bas An@) ln(Ak(a*)[ln< e ﬂ I3 [ln( ™ )m( )“Hn( ke )Ak<a*)"1n(Ak(a*>) Ar@) }

)
Ah(a
)

0
O bt

gl () b)) ) w

@)
35



where, to derive the first and the second equalities, (14) is used.
The expression inside the large curly bracket of the above equation can be expressed as

e is:

whose value at ’}“C—m = 1 equals 0 and its derivative with respect to ’Z—m equals

() lln (1-are+a) 001 ((1—a Y+a* (5=) 1)_
i) a1t ) e oo () ) o ()|

= (’Z—T:)_lln((l—a*)k_ )-{—ln( )(1 a)Zk ((1 a’) a+a,*)_2 > (<)0 when ’Z—T > (<)L
(A120)

+n ((1-a)k= ), (A119)

1

+(1—a" ((1 —a’) ’Z—Z +a*)

Hence, (A119) is positive and thus (A117) is negative. Therefore, d;iia) < 0 from (A116).

_lwAn(@) r _ hor dwy dea .
[Effects on earnings] Since w, = A o = koo dhe > 0 from gf= < 0. The sign
dlen T68) _ Al den ORET M), ot
aWh m pe®’ @) (dem 1@* \a a L. : N :
of is opposite to that of —=—= 1 N~ Ba Ay @) Cm i ), which is negative from
the proof of dfi’;c(a) < 0 above. Hence, ‘f;,ﬁh >0.
Since w; = ,’f . j}c‘” > 0 from ""m < 0. As for the effect of a proportional change in k,,
and k, on wy,
d(kmem) dcm

dk |:—“ fixed | ]““ fixed Cm
m m
Al (a*)

_Llhn_ cn |(Nn, A@)\kn—ke %@ (Ar@) r e
A b k=g [(M+Ah() A da* In ks — In{— T <0, (A121)

km d’wl
, dk |ka fived = 1 gi| ko fixed > 0. Then, the result that w,

non-decreases can be proved in a similar way as the result for ¢* when

from (A103) and (A105). Thus

ka
k m

increases when
hk,, — lnka < 0.

[Effects on Y] Y decreases with the RHS and the LHS of (HL) from (8). The RHS of
(HL) when ¢* < ¢, < 1 equals = j‘l}lf( ))km_k In (A’;ca ) from (24) in the proof of Lemma 1,
whose derivative with respect to km is

# # aAl(a? # RN 1
ke Aa®) 1 1H(A,ﬂ(a)> dew ki cm |:Ah(,,,)ln<Ak(a)>_Al(a)km ke,

da*
dk,,

L

An@) km—ka  \ ko ) dkp L km—kq | Oa* ke ) Anl) Ap@)

1 A@)  cmks In Ar (@) +km A@y e¢n 1=a*
[m Ah( )(/{ _ka)2 ka m Ah((]*) km—ka Ak((l*)
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kq aﬁ;llg*)) 41(0’*) T Ak(a‘*)\ km __cm km _& * ( ) _n* k_m
In (= 5 @'+ g —a’) g

ki A1) 1 @) 1) kw9t An@) km—ka e ) lm km—ka Al "
Sl Ap@) Tk ke ) & aA
’ L T ln k_m km Cm &_l_ Al(a*) km—ke _ Ah("‘*) l Ak(a‘*)
kvn k"m,_ka ka lm km_ka Nl Ah(a*) Ak(a*) da* ka
ka km 1 1 Ah(a*) /Ak \ ) km—ka T km \ km Cm km _& * Al(a*) AN km
T k2, T km—ka A { Oa* In \ ka ) @) Ar@®) | km—ka In ko ) I Fom—ka Ar@) | N @ +A,L(a*) i a)ka
_LM’@—_ lIl /Ak \_i__ a’*)(k"l_ka) T 111 km k_m Cm
A Ap@*) bm—ka)? lm ka Ap@¥) - ko | Tm km—ka
A@”
* 8 *
& Al (a’ ) kin—kq _ A} (“*) Ag ((1, )
X |:<Nl +4@) e e TR (A122)

where (A103), (A104), and (A105) are used to derive the last equation, which can be ex-
pressed as

( , 2 3141(‘1*) -
ln (Ak(a ) Ap @®) ln A @) 9
ka da* ka r k_a k-_m Con km _&a* + A (a,*) (1 N (]/*) ko
lm km _ka Ak (a*) Nl Ah(a*) ka

M%) ~ An@) Are)
_%_1 km 1n Ak(a‘*)\ . Ak(ax)\_l _1 Al(ax) r ln km \ km Cm Nh + Al(a ) km—kq . Ah<a*) 1 (a‘*)\
A km—ka)? Ica} ka} Ap@*) km—ka ka | 12, km—ka |\ N An@*)) Arl®) da* Ica}
djllz(zl*)) In 1 Ak(a*)\ A1@”) km—ka 1 km \\ ko [km TCm km Ny, x , Aila®) 1 R K
~oa” Ak(a*) D) T a@) Are) 2k ) (52 i) Tk A | M 4 T A (a*)( —a’)

— 1@

Kk 111 (Ak(a*)\ N (Ak(a*)\ 1 _1 A[(a*) TCm 11’1 (k_m> km (Nh A[(a,*)) o aA, (a*) 1 (Ak(a )\

A - ka ) ko ) An@) Gm—ka? Mko ) 2, [\ N, T A@)) Arl?) da* )
(A123)

1 ‘ ‘
Al rg;;((fﬂ In (Ar@?) A kyp—kq ]ln (lz_r) (o —ka)® k7,

T

Hence, the RHS of (HL) decreases with k,, and thus Y increases with k,,
The LHS of (HL) when ¢* < ¢, < 1 equals %%ﬂk o ln( NS ) from (21) in the proof

of Lemma 1, whose derivative with respect to k, is
Ny ko, 1 ko, de,, Cm Cm da* a*
el 1 - Al124
Nl lm |:k'm - ka " (Ak (a*)> <dka * km - ka) * Ak (a*) (dka km — ka):l , ( )
where ‘ffTT < 0 and 32 < 0 from (i), and

(I%C—ml‘?a)2 (]n (Afg*)) - a*fi:(;‘)ka)> N (kmc—mka)2 <ln <A]:7(Z*)> 1= AIZ( )) <0.  (A125)

Hence, the LHS of (HL) decreases with &, and thus Y increases with £,. =

Proof of Proposition 7. : The results for ¢,,, a*, w;, and 7% are proved in Proposition
3. cl(a) decreases with & from 56’” < 0. Henceforce, romalnmg results are proved when
Ny

= # 1, but they can be proved similarly when k" =1 too.
When ¢* =¢, =1 and ka - # 1, from (A12) in the proof of Proposition 4 and (18),
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Ll et
(da*)_l —a{l—rol j()(Ak()dcdaJ A o
dem ) A L a% o

. Lo In
| (12 )i
teIn 1 e L R
el R =

Cm g

1 da Np 1 + 1

km  Oa*

aa* Ap(a)

Ny Ale)  Aple”)

Ni
0

(A126)
l

)) A,

where £<() as shown in the proof of the proposition.

When ¢* < ¢, =1 and k“ < 2 1, which arises only Whon

of Proposition 5 and (16),

« < -, from (A48) in the proof

Im ka Ap@®
(——l(l-}- Ah(a*)N_h) r ln( ko ln[ (=l [em 1 AG(a*)]] \l
PN , em U1 Ai@) Nij) km—ka " \Ar@¥)) (h— lm) L AR (e k)
(da*) 1 ,Ii - A ¢ ]
=X A Ap@" PR AR@)[ ly Ap™
de) A 03y, i\ ke [Nl+Ah(a*) 1,67 ln1+(km k)Ak(a*)[km |
da* Nj ky—kea Ak(a*)} Im l- Ag@*) km—kq %
ka

—km
X lrn k’m _k

0

(A127)

i ( >)) d%

l

where A < 0, as shown in the proof of the proposition.
When ¢*, ¢, < 1 and k—a # 1, from (A103) in the proof of Proposition 6 and (14),

da* 1 o — ln( )
== 6Alz(“
dey) A\ _2AED Ay _r (Ak(a*)

da* Ah(a*) km—ka

X ( l;m km—koln <T>) d]]:;h,

0
oL ) (“ )
km Cm I:(___i__ Al(a )) km_ka _ Ah(a*) 1 (Ak(a*)):l
ka lm km—ka Ah(a ) Ak(a*) da* ka

(A128)

where A < 0, as shown in the proof of the proposition.

[Effects on w;, and ¢,] As shown below, d;%(:)

> 0. Thus, %= > 0, and since ¢, =
d h

N N

kil—mji(&))c = i r from (12) and (13), d“’h < 0.
Nl
[Effect on ¢*] When 2 < o ¢* decreases from the proof of Proposition 3.
When > and thus ¢, < ¢* < 1,if £ # 1, from (A128),
det A=y Al(a 5 Cm 8'4[((1*) Ai(a*) dey,
th o« th = a * C”d 'n ( )dl\h
N, N, N,
i
. _@ Cm m 8,:1: lcm—ka ln(ka)
Al by —kq 1(a*) Az(a*) A@®) _r 1n<14k(a*))
04* da* Ah( )k'm,_ka ka
. ( ) Umka—lakm) g5 ln(m)
—m ‘ >0. (A129)
2 (l'mka hkrn T A (a’*)
A bm o= e )Ah(a*) )km—ka ln( " )
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[Effect on ¢ (a)]

den(a) _ b Aa) An(a) (den 0503 A , dat (A130)
ARt Ly Ape) Ag(a) \dfe Oa* Ayl@) "ade )

When ¢* < ¢, = 1, from (A127), the expression inside the big parenthesis of the above
equation equals

do O3y A) | da’ _ Lk, (5 )]28“”* P A
d% Oa* Ah( )(/md% - A lm (km —ka)? Ap(a*) Ha* Ah( )
1 1

>0.  (A131)

When ¢*, ¢, < 1, the same equation holds from (A128). Hence, dgh( )

N

T T
[Eﬁ'ect on Y]V = il i/ -—- from (8). When ¢* = ¢, =1
ffnh(a ¢)>0 Ah(a)d‘]‘dC [[nl (a,e)>0 Al(a) a
J . . .
and 1 N = Ny from Lemma 3, whose derivative with respect
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where (A126) and the definition of A, respectively, in the proof of this proposition and
Proposition 4 are used to derive the first equality. Thus, YV increases
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where (37) and (39) in the proof of Lemma 2 and (16) are used to derive the last equality.
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The first term of the above equation equals, using the definition of A in the proof of
Proposition 5,
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and the second term equals, using (A127),
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Hence, (A133) is positive.
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N, + N; equals (using eq. A128




and the definition of A in the proof of this proposition and Proposition 6 respectively)
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Hence, the derivative is positive.
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